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NMR Study of Mn0.97Cr0.03As under High Pressure 
 
Hiroyuki JINUSHI* Yasuo MITANI** Kazuhiro TSUTSUMOTO*** and Norio SESHIMA**** 
ABSTRACT 
Mn0.97Cr0.03As below about 300 K under atmospheric pressure has a NiAs-type structure and is 
ferromagnetic. Its zero-field NMR has been observed at 4.2 K and 77 K as a function of pressure. 
Under atmospheric pressure at 4.2 K, 55Mn and 75As NMR are observed at 236 and 208 MHz, 
respectively. Above approximately 4 kbar at 4.2 K and 77 K, a broad NMR line, where 55Mn 
NMR overlaps with 75As NMR, is observed within the region from 140 to 200 MHz and assigned 
to the double helical magnetic MnP-type phase induced by applying pressure. It suggests that the 
Mn spins in Mn0.97Cr0.03As take the value nearly close to a low spin state in MnP-type phase 
under high pressure. 
 
Mn0.97Cr0.03As NMR NiAs  MnP  
Keywords: Mn0.97Cr0.03As, Nuclear Magnetic Resonance, NiAs  MnP-Type Phase Transition,  
High Pressure 
3d M X P, As, Sb, Bi MX 3d
1, 2)  
3d NiAs B81 MnP B31
MnAs NiAs Mn Mn 3.4 B
TC 318 K MnP
1 398 K NiAs 3-5) 4 kbar MnP
230 K NiAs MnP
MnAs Mn 1.3 B double helix
6-8) CrAs MnP Cr Cr
1.7 B CrAs TN 272 K 1
1180 K NiAs 1, 9)  
MnAs CrAs Mn1 - tCr tAs Cr t
1, 10) 0 t 0.08 NiAs
0.08 t 1 MnP  
* ** *** ****  
46  2  
t 0.385 propagation vector
Mn-rich ha Cr-rich hc 11, 12)
Mn1 - tCr tAs MnP
NiAs  
Mn MnX Mn Mn NiAs
high spin state, S 2 MnP low 
spin state, S 1 1, 2)
Mn1 - tCr tAs Cr 0 t 0.38
NMR 13  
NiAs Mn0.97Cr0.03As Cr t
0.03
NMR
Mn1 - tCr tAs 0 t 0.38 99.99 % Mn 99.99 % Cr 99.9999 % As
600 5 1000 1100
1 3  
NMR NMR 14)
fcc Co 59Co NMR 15)  
MnAs NiAs NiAs Mn
Cr Mn1 - tCr tAs Cr t 0.08 NiAs  MnP
Cr t 0.08 MnP
 
1 77 K Mn1 - tCr tAs 0 t 0.38 NMR
13 MnAs 55Mn I 5/2 75As I 3/2 NMR 235 MHz 206 MHz
5 3 NiAs
Cr t 0.03 0.05 Mn1 - tCr tAs MnAs 55Mn 75As NMR
Cr t 0.10 NiAs NMR
NMR Cr t 0.20 0.38 NiAs
NMR 160  210 MHz 55Mn 75As NMR
NMR t 0.10 Mn1 - tCr tAs NiAs
MnP
2 NMR 77 K Mn1 - tCr tAs
55Mn 75As NMR Cr 55Mn 75As NMR NiAs  MnP
Cr t 0.10 Cr t 0.10 NiAs
Mn
55Mn 75As NMR 235 MHz 206 MHz
Cr t 0.10 MnP 55Mn 75As NMR
203 MHz 170 MHz  
Mn1 - tCr tAs MnP 55Mn NMR NiAs
Mn
  Mn0.97Cr0.03As NMR  47 
 
Mn Mn NiAs MnP
1, 2)
MnP MnP Mn
MnP NMR 55Mn NMR 4.2K 160MHz 77K
145MHz 16) Mn1 - tCr tAs MnP 55Mn NMR
Cr t 0.10 MnP Mn1 - tCr tAs Mn
 
MnAs 4 kbar NiAs  MnP
MnAs NiAs
Mn0.97Cr0.03As Cr t 0.03 4.2 K 77 K
3  14 kbar NMR  
3 4.2 K Mn0.97Cr0.03As NMR
NiAs 55Mn 75As NMR 236 MHz 208 MHz
3.3 kbar NiAs NMR 140 200 
MHz 55Mn 75As NMR NMR 12.7 
kbar 3.3 kbar NMR NMR
MnP MnAs 4.2 K NMR




Mn1 - tCr tAs Cr t 
0.10 NMR 4.2 K 77 K
200 MHz 55Mn
NMR MnP














1 77 K  
Mn1 - tCr tAs 0 t 0.38 NMR 
 
 
2 77 K  
Mn1 - tCr tAs 0 t 0.38 55Mn 
75As NMR Cr t  
48  2  
Cr t 0.10 Mn1 - tCr tAs Mn0.97Cr0.03As Mn
Mn0.97Cr0.03As Mn
NiAs  MnP NiAs
4 77 K Mn0.97Cr0.03As NMR
77 K NiAs 55Mn 75As NMR 235MHz
205 MHz 4.6 kbar NiAs NMR
140 190 MHz 55Mn 75As NMR
170 MHz NMR 55Mn NMR 4.2 K
77 K Mn0.97Cr0.03As NiAs MnP
Mn
NMR  
5 77 K NMR Mn0.97Cr0.03As 55Mn NMR
6.3kbar 55Mn NMR
11.0 kbar NMR Mn0.97Cr0.03As
10 kbar 10 kbar
NMR MnAs 1, 17)
MnAs1-xPx 1, 18) MnP Mn0.97Cr0.03As






Mn0.97Cr0.03As 4.2 K 77 K NMR
4 77 K Mn0.97Cr0.03As
NMR  
3 4.2 K Mn0.97Cr0.03As
NMR  


















140 200 MHz 55Mn 75As
NMR NMR




NMR 3  14 kbar Mn0.97Cr0.03As MnP




1) K. H. J. Buschow Ed., Handbook of Magnetic Materials, vol. 6, North Holland, 1991. 
2) 3d-pnictides
2007  
3) A. Zieba, K. Selte, A. Kjekshus and A. F. Andresen, Acta Chem. Scand. A 32, 173 (1978). 
4) A. Zieba, Y. Shapira and S. Foner, Phys. Lett. A 91, 243 (1982). 
5) H. Ido, J. Appl. Phys. 57, 3247 (1985). 
6) A. F. Andresen, H. Fjellvåg and B. Lebech, J. Magn. Magn. Mater. 43, 158 (1984). 
7) N. Menyuk, J. A. Kafalas, K. Dwight and J. B. Goodenough, Phys. Rev. 177, 942 (1969). 
5 77 K Mn0.97Cr0.03As 55Mn 
NMR  
50  2  
8) A. Zieba, R. Zach, H. Fjellvåg and A. Kjekshus, J. Phys. Chem. Solids 48, 79 (1987). 
9) H. Ido, J. Magn. Magn. Mater. 70, 205 (1987). 
10) H. Fjellvåg and A. Kjekshus, Acta Chem. Scand. A 39, 671 (1985). 
11) N. Kazama and H. Watanabe, J. Phys. Soc. Jpn. 30, 1319 (1971). 
12) A. F. Andresen, H. Fjellvåg, A. Kjekshus and B. Lebech, J. Magn. Magn. Mater. 62, 247 (1986). 
13) No. 1, 17 (2015). 
14) No. 12, 12 (2002). 
15) No. 20, 62 (2002). 
16) H. Nagai, T. Hihara, and E. Hirahara, J. Phys. Soc. Jpn. 29, 622 (1970). 
17) H. Jinushi, Y. Kasamatsu, K. Hiraoka and T. Hihara, J. Magn. Magn. Mater. 272-276, e587 (2004). 
18) No. 36, 55 (2013). 
 
